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Introduction

Connected vehicles are fast becoming part of the lexicon of the federal govermsneel as

state governments, as they begin to test the capability and applicability of new connleicled ve
technologies to improve safety by providing critical information to driv@tee basic theory of

the connected vehicle is that vehicles in front of other vehicles provide information that allows
the following vehicles to better respond to potential resfety issues such as traffic jams,
accidentsslippery roadsetc The communication among vehicles can be via Vehicle to Vehicle
(V2V) or Vehicle to Infrastructure (V2I), and projects testing these technologies are in progress
throughout the world.

Onre method used wupport driverss through he use of cell phee technologywhichis
currentlyusedextensively through numerous mapping and traffic applicatiddsvers using

mapping applications receive information about traffic jams becauseaging companies

receive anonymous data from all the cell phones in the area about the speed of the vehicle driving
in that area. The mapping companies match the reported speed with the posted speed limits for
that area and color code their maps to sHowers where there are traffic backups or jams.

The Integrated Mobile Observations project uses cell phones to gather wekdtest data from
vehicles and transmits thikatato state level traffic monitors who provide information to drivers
via electramic road signswebsite, and mobilghone apps The strength of this method is that it
potentially can provideear reatime weaherrelated information amicro levet of up to 400
feet,such as wet or slippery pavement as well as rough roads.

The goalof reducing accidents by providing near raade micro-level weatheinformationto

driversbegan with the first Integrated Mobile Observati@r® (IMO 2.0)project that ran from

January 1, 2013 through March 31, 201%he technology used was an adseah version of

technol ogy used i n MDOT/ UMY RHe@ andBitbaspdp e r y Road
smartphones were programed and installed in vehicles to gather information from the phone (e.g.
latitude/longitude), vehicle (e.g. speed, rpm), and external sensors (e.g. surface temperature).

The project report folMO 2.0 detailedthe software and hardware used to collect the data, as

well as the detailed data collection process and the lessons learned during the Phojech

extensive testing and analysis, the first IMO 2.0 project setup the process for accurately providing
data to weather analysts throughowt thS. in a timely manner. One of the m@ikeawayg

from the project was that the vehicles that were part of the study were too few and too spread out
across a large area to provide enough data for the weather sualystke coclusive decisions

about what wabkappening on the road at a particular place and time.

1Bel zows ki , B. M. , Ekstr om, A, 2014. fiStuck in Traff

Personal Navigation Devices and Traffic Phone Applicatidygonsor: TomTom CorporatiodMTRI-

20144: http://hdl.handle.net/2027.42/102509

Bel zows ki, B. M. King, S. 2014. il ntegrated Mobil e
Transportation.UMTRI-201419: http://hdl.handle.net/2027.42/117506

F

O

SRobinson, Ral ph, 2012. iSli ppery Road Detection and

TransportationMDOT RC-1573 UMTRI-201239: http://hdl.handle.net/2027.42/117505
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This report focuses on the second IMO 2.0 projElaeé Connected Driveintegrated Mobile

ObservationglMO) 2.0: 20142015projectthatran from April 1,2014 through October 31,

2015. For The Connected DriveiMO 2.0: 20142015project, with funding from the U.S

Department of Transportat i drHWA)akamkirmadn Hi ghway /
funding from the Michigan Department of TransportatiorD@T), the University of Michigan

Transportation Research InstitutédMTRI) Automotive Futures Groufmcused onwo major

data collection goalsontinuing to improve the data collection processupport weatherelated

analysts throughout the U.S., who were charged with designing applichi@msake use dhe

data collected and using the project technology to support a three day demonstration of the IMO

system at the 2014 ITS World Congress in Detroit.

As with the pior IMO 2.0 project, this project used Amdroid-based sm&phone combined with
customized software, called DataPrpéedBluetoothenabledexternal temperature sensors
(called Surface Patrol) and internal vehicle data calts§On Board Diagnostics (BD keys].

The DataProbe software was designed to collect datatfrerphone andll available sensors and
data collectorsn one second intervals. Data files were createsh@minute intervals and sent
via cell phone to an UMTRI server that sortdddiinto valid and invalid files and sent valid files
to five weather analysts throughout the U.S.

From an overall project perspective, the goalMBOT/UMTRI were

1) tocontinue to gather information via th@ MDOT vehiclesinstrumentedvith DataProbe
smartphones and internal and external data collection devices/sensors and collect data for
nineteemmonths

2) to collect accurate and timely data from each of the devices, including photos taken by the
cameras on the smartphoméhich can be triggered by thleiver, through the web portal,
and through vehicle ABSAutomated Braking System), ESC (Electronic Stability
Control), andtraction control events

3) to deliver all data to the weather analysts in a timely manner

4) to keep track of vehicles in service thrbuaweb portal, including the ability to trigger
photos and send messages from the portal

5) todesign a demonstration showing the applicability and capability of the technology at the
2014 ITS World Congress

This report details the efforts of the combined TRI, MDOT, and FHWA team to accomplish
these goalsThe IMO 2.0: 2014015 projechot onlyprovided an opportunity to improvbe
technology, but alsto improvethe interactions witimaintenanceupervisors antMO 2.0
drivers(MDOT fleet vehicles)n the field. To call this a team effort is an understatement.
Without the continued support of MDQfaintenancsupervisorandIMO 2.0drivers,the
combined IMO 2.0 projectsould not havdogged901,126miles taken nearly09,569photos
andcollectedmore thar363 gigabytesof valid data

March, 2016 Page8 of 33



Scope

TheConnected Driver: Integrated Mobile Observations IMIX 2.0), 20142015 project

displayedthe capability of an inexpensive Andrdidsed smartphone to gather weatietaited

data from the phone, the vele, and external sensdrem a fleet of 60 MDOT vehicles. The
purpose of the projeetas to continu¢o gather the information from the vehicles, transfer it to

the University of Michigan Transportation Research Institute for processing and dissemination to
a group of five weather analystganizationgshroughout the U.S. in order for themdevelop

usdul weatherrelated applications.The 2014 ITS World Congress demonstration showed the
applicability of the technology to provide mielevel weather and vehicle event information in a
timely manner to drivers.

This projectincluded continuing

)l
)l

T

to superisethe continuous improvement the DataProbesoftware

to monitor the system @0 light duty cars and truck&hiclesand 20 winter maintenance
trucks (WMTs)including phone and sensor equipment replacements

to houseand manage the server tlaatedasthe intermediary between the data collected
via Androidbased smartphonesd the weather analysts wheceivel the data.

to support data monitoring, analysis, and vehicle interactions as needed

The main goals of the project inclutleontinuing

1)
2)
3)

4)
5)

6)

7)

to maintainall eligible vehicles with Android phones with thetest DataProbe software,
OBD keys, and Surface Pats¢nsorgwhere applicable)

to capture thdata availabldy the DataProbe phonéncluding automatic photos taken
during ABS, ESC, or TractioGontrol events

to test to see thatlalata available (Basic, CAN, and Surface Patrol) from the DataProbe
phoneis accuraté

to design the DataProbe program to send datioRI in a timely> manner

to send kvalid files in a timely mannefrom UMTRI to the weather analysts throughout
the country

to improve the DataProlveeb portalin order to visualize vehicles in service as well as to
take photos and send messages from the site

to design a demonstration of the capability and applicability of the BddaRechnology

at the 2014 ITS World Congress.

‘“iAccurated in this sense means that the data coll ect
mel yo in this sense me aunlybddeliaered to thewedtl®taaalysto | | ect e d
within the minimal amount of time needed to collect the data, send it to UMTRI for verification, and have

S T i

t he

data received by the weather analysts. Our

project meant seven to nine minutes from the time the file was created to the time it was received by the
weather analysts.
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Project Overview

Like the firstIMO 2.0 project IMO 2.0: 20142015 projects a closed loop data collection

projectwhere data is collected at the vehicle level and data
knowledge gained from the original data collectidine techno

is provided to drivers based on the
logy overviedom the first IMO

2.0 project can be seen in the Appendikis systenarchitecturdas shownvisually in Figure 1.

2FHWA

MDOT Vehicles - FHWA Data Collection

E
//// Smartphone e
(46)
/’ imet«

National Center

Positioning

Delay Costs

fiber

@MDOT

Data Users: University of Michigan,

MDOT DUAP/MDSS/TOCs/RITIS/ - User

L ' Network Operations Center
Traveler
NCAR &WxDE UofM Information
Server s
_ = ystems
e =] Transportation
20 WMTs with phones 40 Ford vehicl Operation Ly,,
& 10 with surface with phones & Center MGOTUAR
monitor device OBDkey & 10 o IMDss
G * with surface (g w
monitor device
. Road Surfac y i
. Ro z}m Eet) intenance
¢ Dt D ETRO'T operamons
ITS/CV Demonstranons

for Atmospheric Research,

Cellular Service Providers

Figure 1 - IMO 2.0 System Architecture

Overview

Forty MDOT cars and trucks and twenty MDQiinter maintenance trucks (WMTSs) were

equipped with Androib ased smartphones

the following data:

time

latitude, longitudeGPS coordinates

altitudevia GPS

number ofvisible Global Positioning System (GPS) s
compass heading

the speed of the vehicle based on GPS

=A =4 =4 4 4 -4 -8 A

photos taken by the driver, through the project web
such asABS or traction controfctivation occurs

Ten cars and trucks and ten WM(R$ vehicles totaljvere equi
Surface Patrol externahvironmentasensors that measured

i roadsurface temperature
1 dew point
1 ambientair temperature

March, 2016

u softwarg thal gémerRated s Dat aPr

atellites

3-axis(X, y, andz) accelerometer sglingssampledat 100Hz peraxis

portal, or whantanomous event

pped with Bluetoottnabled
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1 humidity
Forty cars angbick-up trucks were outfitted with Bluetootbnabled OBD keys thablleced

1 tachometer (RPM)

vehicle speed

throttle (position)

brake activation

antilock braking system activatiq/ABS)
electronic stability control activatiofeSC)
traction controbystemactivation(TSC)
windshieldwiper activation

= =4 =4 4 -8 -8 4

Data is collected in the form oheminute locallycached segments of texased sensor data
stored in a comma separated value (CSV) file and in photogrdatsicollected from the phone's
camera. Text data is continuously collected while the systempigeration while photographs
are taken either manually by drivers, manually by admin@sdhrough a remotaccess web
portal, or automatically via a triggered event such as ABS, tractiotrol, or stability control
events. After local collection ar@aching, data is uploaded viaellular 3G/4G data network and
the internet to University of Michigan servers where the datalidated and sent @nalysts

from the following groups:

National Center for Atmospheric Research (NCAR)

MDOT/Mixon-Hill / Data Use andhnalysis Processing (DUAP)
MDOT/Atkins/ Regional Integrated TransportatibfformationSystem (RITIS)
MDOT/Iteris/ Maintenance Decision Support System (MDSS)

Leidos &SynesisGroup/ FHWA Weather Data Environment (WxDE)

=a 48 —a —a —a

These analystwere charged with using the data to develop weather models and other
applications fronthe data related to traffic management, traveler information systems, winter
maintenance operatiormdstate departments of transfation asset managemesyistems.For

the 2014 ITS World Congress, UMTRI worked with NCAR to apply the mobile app developed
by NCARthat showed houhe different weather and road evewere communicated to drivers.

Outside of the World Congress demonstratibr,ihstrumentegehicles travedd primarily along
the 94 corridor in southern Michigan, as seen in Figure 2.
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Figure 2 - The IMO 2.0 Southern Michigan 1-94 Corridor (9-counties shown)

Data Flow

Figure 9 shows the data flow for the project with vehicles using DataProbe on the smartphones to
capture and assemble the data files and photos, and transfer them to the server at the University of
Michigan, where the server is programmed to sort theifitesvalid and invalid files

(anomalies) The valid files make up the project database and are sent to the weather analysts,
while UMTRI backs up the data and summarizes the data received on a weekly basis to review
progress and identify issues that cié@provement/trouble shooting.

Summary
File

VEHICLE OFFICE

Capture Assemble Transfer Set Aside Accessible

Data il & Database
Data Files to Server Anomalies

Files w Backup

Anomalies Database

Figure 37 IMO 2.0 Data Flow Diagram

8 Invalid file/anomalies occur from a variety of circumstances: If less than three GPS satellites are
used for the first sixty secoadf a file; if after the initial sixty seconds there are less than three GPS
satellites used for more than fifteen seconds; if the speed generated from the GPS is less than five
miles per hour for more than 295 of the 300 maximum number of secondéenifaafny of the
accelerometer values in the 5th row of data are marked as missing (10001); if there are more than 335
columns in the file
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Data Collected

Over the course of the 18 months of data collection from April 2014 thru October 2015, the IMO
2.0: 20142015 project received 1,123,669 fil@86 gigabytes of data). Of those files, 377,826
files (34 percent (77 gigabytes of data)) were considered invalid because of flaws in the data
collected (e.g. vehicles not in motitor long periods of time Valid data was collected, stored,

and sentd the six weather analyst groups throughout the country, resulting in 745,843 files (211
gigabytes of data). 54,975 (25 gigabytes) photos were also taken throughout the data collection
period. These data files represent 529,671 miles driven by MDOTler@ipierators over the 18
month period. Whenombiningthe two IMO 2.0 projects over 31 months of data collection,
vehicle operators drove 901,126 miles (363 gigabytes) and took 99,569 photos (45 gigabytes).

2014 ITS World Congress

Preparation for the Segmber 711, 2014 ITS World Congress demonstration on Belle Isle in
Detroit offered the perfect opportunity to show the power of the IMO technology. Work began in
April to design the demonstration. To replicate the closed loop IMO system design, diat nee

to be collected, sent in one minute intervals to the UMTRI server where it was sorted and sent to
the weather analysts servers at the National Center for Atmospheric Research (NCAR) in
Boulder, Colorado. The NCAR program would then send alerts toreedpp that alerted

drivers of oncoming weather or road events including wet roads, rough roads, and slippery roads.

The route chosen for the demonstration was a short 400 foot loop on Belle Isle, a large park area
in the Detroit River. Figure 4 shovlle Isle, and Figure Shows the test loop on Belle Isle.

What made the aronstratiora successvasthat itfocused on the ability of the NCAR

researchers to geocode the 400 foot lang create Motorist Advisory Warning (MAW)phone

app thageneratedhe alerts exactly as the vehicle approachsidnulatedwveather or road event

This warning was possibleebause the IMO project designbased owehicles ahead of the

demonstratiovehicle senthg datato NCAR about road and weather conditions lead vehicle

as well as the demonstration vehidentinually circlel the track in order to generate the data

that was sent to NCAR This collected data was geocoded an:
the track, so as a demonstration vehicle approached one of the sinndathdr or road events,

its geocoding would trigger an NCAR designed aterthe MAWphone app ithetwo

demongration passenger vans that were used to transport ITS World Congress participants. The

two vans were outfitted with identical IMO technology in order to be used simultaneously if

many World Congress attendees arrived for the test drive at the same time.
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Figure 41 Belle Isle, Detroit, Michigan
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Figure 57 IMO Test Loop on Belle Isle in Detroit

The interior of each van was equipped with a monitor that allowed the passengers to see all the
data that wa collected during a loop and exactly when an alert appeared on the screen. The

March, 2016
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mornitor screen is shown in Figure & shows much of the data collected throughout the project
for vehicles in the study:

Time

Global Positioning Location

Speed and Heading

Road Roughness

Engine RPM and Throttle Position

Brake Events, Wipers on, and ABS, Traction Control, and Electronic Stability Control
Events

Road Surface Temperature and Air Temperature

Humidity and Dewpoint

=A =4 =4 4 -4 =4

= =

s279.84 |

- 490.031 !
' Events 110 CAN D
05 [
o Brakes ABS g0 B =
| RPM ; 65 —| /
s Wipers TCS [ =
J.U% ESP 30 33 28 220 M7
Data Age(seconds)
oerature  [Humidity/Dewpoint ! ;o Surface Patrol A
n 80 W
5% | uma:83.0% [ %"\ ~“
0°F Dewpnt: 69.8°F 39 33 28 22 17 _'
; Data A

Figure 67 IMO Monitor Screen in Demonstration Van(in Idle Mode)

The demonstration required that participants sit in the specially instrumented demo van for one
loop around the track. During that one loop trip participants saw advisory warnings at different
parts of the loophased on road weather conditions artificially generatesiten One section
simulated rain, one section simulated rough road conditions, and a third section simulated
slippery road conditions. The rain section had a fire Bpegyingwater unto the &ick from a

bracket elevated about ten feet above ground as seen in FigiNete that the message board
warns the driver of light rain ahead.
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Figure 71 Rain Simulation on IMO Test Loop

When the lead vehicle turned on itgpers on the part of the track where the hose was simulating
rain, the data was gathered, sent to UMTRI, and then sent to NCAR who sent an audio and visual
alert via theMAW phone appalled the Motorist and Advisory Warning System (MAWhe
passenger vaas the van neared the rain simulator. MA@V screeris shown in Figure 8
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Figure 81 Motorist Advisory Warning (MAW) Phone App Display in Demo Vehicle

Rough road conditions were simulated by driving the test vehicle over rubber barrel rings on the
track as seen in Figuge A road roughness rating was shown on the monitor in the passenger
van as it drove over the barrel rings.
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Figure 91 Rough Road Simulation on IMO Test Loop

Finally, the ITS World Congress participant saw and heard an alert for a slippery road ahead as
their van approached a set of wet rubber nstewn in Figure 1@hat were used to simulate an
ABS eventand a traction control event. For the ABS evbratdemonstration van broke hamal

the mas, skidding slightly. For the traction control simulation the van sputirés from a full

stop on thavet rubber mats
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Figure 107 Slippery Road Simulationon IMO Test Loop

Over the three day period in September during the 2014 ITS World Congress, over 100 visitors
from all over the world toured the IMO test loop in the IMO demonstration vehicles, learning
about how sensors on velgis in an area can share important information about road and weather
conditions with each other.

Lessons Learned

Based on the number of lessons learned from the first IMO 2.0 project, the second project was
able to improve in the areas of vehicleardware, software, communications, and the web portal.
Many of the early problems identified during the first IMO 2.0 study were fixed-yitimg the
DataProbe prograifinom the first study, such that the version of the software used during the
secondstudy was much more stable aetlable.

Vehicles

1 Based on thaondisclosure agreemenith the manufacturer of the vehicles in the
study,the project was able to obtaAN codes from the manufacturer when older
vehicles in the study were replaced witwnmodels.The CAN codes used for this
project need to be sourced from the manufacturer because not all of them are available to
the public. This issue makes it difficult to imagine a consumer app that has access to the
specific codes for ABS, ESC, anddtion control.

1 The number of vehicles needed to report weathlated incidents or events needs to be
increased significantly in order to provide adequate coverage for a highway. The other
option is to significantly reduce the area that will be covaretimake sure that many
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vehicles travel through that area. The perfect example of the need for more vehicles took

place inJanuaryd, 2015 on |-94 near Battle Creek, Michigan. A sudden lefiect

snow storm created A whirstceuld oot Se®more thanchifewi ons s o
yards in front of their vehicles. Some drivers drove too fast through this stormsand

control of their vehicles causing a massh@3-vehiclepileupof heavy trucks and light

duty vehicles that closed the freeway foptdays. Before and during this snow storm

and accident, none of the IMO 2.0 vehicles reported any data, including the winter

maintenance trucks in the area.

Software

1 A software program wadevelopedhat allowed testing of software changes with MDOT
regional project coordinators before the update was pusadioe UMTRI serverto all
thephonesdn the fleet. Thigemote updatprocess made installing software updates
manageabland allowed all th@ehicles in the study to run the same version of the
software.

1 The length of time before a file was transferred to UMTRI was changed from every five
minutes to every one minute. This minor change allowed for a much improved flow of
data from the vehiclesnd allowed the phones to keep up with the continual data
collected while a vehicle was in service

Hardware

1 The additional phones purchased as backups to the original phonesiadi were
found to help fixsome of the software links that broke durihg long length of the
project. New phones with updated software were sent to drivers, installed, and up and
running quickly.

1 The additional phones also allowed the project to avoid having to rewrite the DataProbe
software for new phones that come inte tharket every six months.

1 Thanks to the support of the Vaisala group, the project was able to replace Surface Patrol
devices that malfunctioned in the field without extensive cost. The malfunctions usually
took place on the winter maintenance trucks (VéyWhen maintenance personnel
cleaned the trucks using high pressure hoses. Some of the sensors cannot be treated in
this manner and still perform their functions.

Web Portal

1 The web portal was rdesigned to allow viewers to see vehicles in serviceroamof
southern Michigan It also allowed pictures that were taken via the web portal to be seen
on the portal, so users can see what drivers see.

Communication
1 The development ahe MAW phone app to be used during the 2014 ITS World
Congressvas a colldoration among UMTRI, FHWA, MDOT, and NCAR. The
teamwork shown during the five month preparation for the 2014 ITS World Congress is a
testament to all the people involved in the demonstration.
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1 The working relationship between MDOT IMO supervisorfour MDOT regions
strengthened during the second IMO 2.0 project. Supervisors became experts in running
the DataProbe system on their vehicles and were able to help troubleshoot any problems
with IMO drivers in their region. They became excellent test subfecinew versions of
the DataProbe software.

Conclusiors

The second IMO 2.0 projecbntinued to improvéhe data acquisition system that provides
weatherrelated road information to weather analysts throughout the country inaaddime

using a fleet of 60 vehicles along th@4 corridor in southern Michigan. New CAN codes were
introduced into the sysin for new vehicles entering the project, a remote update system was
developed to automatically update software on the phones, the speed and accuracy of the data
transfer from the smart phones to the UMTRI server were improved significantly. The wéb porta
was also improved to allow vehicles in service to be displayed on a map in reahtimpbotos

taken from the website to be shown on the web pofitae project generated 745,848id data

files (211 gigabytes of data). 54,975 (25 gigabytes) photos also taken throughout the data
collection period. These data files represent 529,671 miles driven by MDOT vehicle operators
over the 18 month period.

One of the key goals for the IMO 2.0 project was to show that Hees weather data can be
gatheed by vehicles on the road and used to inform vehicles that are coming behind these
vehicles ofany adversaveather eventsThe 2014 ITS World Congress demonstration showed
thatthis micralevel weather data can be collected via a smartpimadead vhicle on a 400
foot test trackn Detroit, sent to weather analysts in Boulder, Colorado 1,200 miles away who
send weather alerts viaaP SbasedViotorist Advisory Warningphone aplication back to

trailing vehicles driving on the same 400 foot track irtrDie. This test showetthe capability

and reliability of the DataProlmata collection systemit alsoshowedhat weather analysts
couldaccuratelypinpoint weather events within a 400 foot aaed report those weather events
using a GP$®ased phonepplication for three days without any errors. Finétiy World
Congress demonstration showed ithportance of having lead vehiclén the same area
gathering and sending data to weather analysts, providing thertheitiertainty they need to
send outlerts to driverbehind the lead vehickboutupcomingroad conditions or weather
events.

Recommendations

The ITS World Congress demonstratisimowed that micréevel weather data collection from

vehicles can be used to generate accurate reportingatifieveevents within a 400 foot area.

Some of thessimulatedevents were within 100 feet of each other, yet the weather analysts
pinpointed them so accurately within the 400 foot area that they could send messages to a phone
application in a vehicle beferit reached the simulated event on the track. This is a remarkable
achievement, and it led to more than one World Congress visitor looking under or around the
vehicle for a sensor that triggered the alert or continually asking to have us tell therthabout
simulation program that triggered the alert.

March, 2016 Page21 of 33



Yet despite this remarkable ability of the program to gather the data, and send alerts to drivers as
they approached the weather events using a program that tracked the vehicle 1,200 miles away,
the demonsation showed the need for continual input from vehicles ahead of the demonstration
vehicle in order to provide accurate weather and road informaltioconversations with the

weather analysts throughout the project, they continually spoke about thie veeitly the

readings they received from the MDOT vehicles in the project. Having one vehicle report a
traction control event or road temperature reading below freezing was not enough to trigger a
warning There needed to be more mobile readings regphartthat same area as well as radar

and stationary readings confirming some of the vehicle reports before a weather analyst would
consider issuing a warning. With 60 MDOT vehicles spr@aoss 200 miles of southern

Michigan, the likelihood that thesehieles would intersect and provide the necessary weather
relatedverificationwas low.

The recommendations section of the first IMO 2.0 project noted that the era oflenigro

weather reporting is upon us, but there are some challenging headwindsishde overcome
before thigechnology can work on a large scalkhe need for a crowdsourcing model that
brought consumers as well as state vehicles into the mix in order to provide the necessary
verification was discussed. The Waze progtamw.waze.corprovides this type of

information for traffic on Google maps. Drivers report on accidents and slowdowns on roads,
and this information is shown on the route a driver is taking. One can see this program being
adapted to weather conditions on roads asagdior traffic. Verification again will need to be
addressed, but state level agencies could tap into this network for additionalewidraveather
related information. Setting up a program that encourages driviepsutoveatherelated road
information into Waze may be a cost effective way that takes advantage of a national and state
wide system (Google maps and Waze) that is already in place. In the same way that Waze drivers
help drivers behind them with traffic, they could also help drivers wéathetrelated road
information. This could alsapply to MDOT drivers experiencingeathefrelated road events.
Accidents and major weatheglated events do not occur frequently (though winter weather can
be a constant in northern states). MDOWVelscould be encouraged to add this information into
the Waze program in order to incredéise number of verifiable weatheglated incidents on a

road.

Connected vehicle data could also be part of the crowdsourcing model. As vehicles talk to each
othe through vehicle to vehicle (V2V) or vehicle to infrastructure (fhgramsroad weather
condition information could be exchangddot all vehicles would need to report this

information. Some models for V2V and V2I report that only 25 percent ofethieles in a

particular area would need the technology on their vehicle in order to provide reliable information
to drivers. Buthe need to gather weathedated information from the vehicle will continue to

be a challenge, as it was foetiMO 2.0 poject. Much of the critical information about road
conditions such as those gathered from traction control, ABS, and ESC in a vehicle is proprietary
for each vehicle manufacturer and would need to be included in the information transferred
through V2V oV2] links. Road temperature also is important, and in the IMO 2.0 project this
information was gathered through a separate device installed on a vehicle which is not available
on any vehicles on the road today.
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Finally, one of the potentially fruitful ameies for generating near re¢athe weather information
could come from encouragitigained MDOTdrivers to take photos of weather conditiansi
eventson the road and have a program that alldvixgersto easily upload them to a mapping
program or websitthat verifies the locatiorhis could support the verification process for any

of the methods discussed ab@savell asproviding local agenciesxcellent visuals for
broadcasting current conditions. Though the IMO 2.0 project was not able to iniw#ten the
timeframe of the project, another photo opportunity would have all the MDOT winter
maintenance trucks installed with phones that take photos automatically every five minutes (or
whatever timeframe is appropriate) based on the understandirtheise vehicles would not be

on the road if there were not a need for them to be there. As the photos are sent to MDOT, a
program would then interrogate the photos about the road conditions and where the photo was
taken and use that information for faration purposes.

The title for the second IMO 2.0 report focused on ther@cted Driver who calpenefit froma

variety of sources of micrlevel road condition and weather information provided by state and
local agencies, but the future may require thatdriver and/or his vehicle provide important
information that will help drivers coming after him. As drivers become more interconnected, this
interconnectedness takes on a fAdwedre al/l i n
everyone a them.
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Appendix

Technology Overview
The IMO 2.0 project relied on a combination of custom software and commercially available
hardware to gather and distribute data from the vehicles in the study.

Software

Thesoftware used to gather the information from the smartphones in the study was called
DataProbe. This software was developed during the Slippery Roads study, and began as the base
software for the IMO 2.0 project. Early in the study it was found tleasdiftware needed

substantial customization to meet all the requirements for the project. A software programming
firm, Intersog, the original designers of the DataProbe software, was hired to support the changes
needed in the software. After five montfoff-site development and troubleshooting with

Intersog, it was decided that UMTRI neededsite staff to work on continual maintenance of the
DataProbe software including programming and managing the testing and rollout of the program.
Subsequently, staff engineer was hired to support the project.

Over the 17 months of the project, the software was updated approximately 15 times to meet the
demands of the project. The carryover version from the Slippery Roads project was version 2.20,
and the versio used by the end of the project was version 3.7.1. Two important software issues
arose that made the project more challenging than originally expected:

1. Every time a new vehicle type was brought into the project, a set of autdsdeific
CAN messagesaeded to be programmed into DataProbe for each specific model year
and model of vehicle.

Working with the twamajor automotivenanufacturers chosen for the stytgvided very

different results. UMTRI signed a Nddisclosure Agreement with one of thengoanies and

had contacts within the company who provided insight into how to correctly read the proprietary
and not publicly available CAN messages that differed for each vehicle.

Attempts to generate a Ndisclosure Agreement with the other automotivenufacturer were

not as successful. Despite numerous attempts, including a request by the Michigan Department
of Transportation Director, the company would not provide the necessary agreement or support
for the project. UMTRI attempted to reverse engis®meofthisc o mpany 6s CAN codes,
the results were not satisfactory. In addition to the inability to obtain the desired data, on some
instrumented vehicles from this company, there were examples of vehicles flashing their interior
lights, locking &d unlocking the electronic doors randomly, and even making the automatic
transmissions difficult to shift. Because of the reluctance of the company to support the project,
their vehicles, which represented about half of the light vehicle fleet studiedo fbe removed

from the project and another set of vehicles from the other company needed to be instrumented
and added to the fleet.

This change occurred four months into the project and necessitated a larger commitment by
UMTRI and MDOT staffs than aginally expected, as MDOT worked to find vehicles that would
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meet the requirements for the project and UMTRI programmed the requisite CAN message codes
into the DataProbe program.

2. Every time a new version of DataProbe was issued, MDOT staff had tegotiof the
60 vehicles in the project and update the program manually on each smartphone.

Updating 60 vehicles manually proved very challenging as DataProbe went through many
different versions, especially as the vehicles from one company were droppetthé fleet and

the new vehicles were added. It was not until a UMTRI software programmer was hired towards
the end of the project to specifically design a remote update program was the problem solved.
Now an updated version of DataProbe can be pughexigh the cellular network, to each of the
phones in the fleet, with each driver only having to click on two buttons when prompted to install
the remotely managed updates.

The DataProbe program provides some output results of its data collectiomtivéneia the
smartphoneds screen. The screen is configurabl e
11shows a typical six box screen. In this instance it shows data received from the Surface Patrol

device (ambient temperature, surface tempee, and humidity) and the phone (GPS location

and ti me). The box | abeled AMODEO deter mines wt
shows data in the BS mode where basic phone and Surface Patrol data is collected. The

combination of data cakted from the various devices can show the following codes in the

A MODEO box.

1 7 B dtheiphone is only receivifgasicphone data

T ABCo6 if the phone is receiving only basic ph
T ABSO60 if the phone is r ecdacePatwigataanl y basic ph
T ABCSo0 if the phone is receiving basic phone,

The different combination of modes can occur for a variety of reasons. For example, if a phone is
receiving onlybasicphone data, then its OBDKey may not be fiorihg properly and not

sending CAN data or simply not be present in that vehicle. If a phone is not receiving Surface
Patrol data, it may be normal because that particular vehicle is not equipped with Surface Patrol.
All light duty vehicles, at a minimm, should be sending phone and CAN data, and all WMTs
should be sending phone data. In addition to providing information to the driver on the
smartphone screen, this display also helps the driver confirm proper system functionality and
operation. If on®r more modes are not present on the smartphone screen, system diagnostics
can better be accommodated. Figi®eshows a DataProbe screen in the BCS mode, and Figure
13displays a DataProbe screen in the BC mode.
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AMB Temp

68.0 BS

Location Humidity SURFACE Temp

4236916
-83,55498 32.0 68.5

4229733
-83.70262

omOKey:

74:35:25

Figure 13 7 DataProbe Screen Example in Phone and CAN Mode Only
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Hardware

The main hardware that comprised the data collection system installed in vehicles included the
phone, the Surface Patrol sensors, and the OBD key. The other project hardware consisted of the
virtual sener housed at the University of Michigan that received the data from the smartphones
and distributed the verified data to weather analysts. The virtual server was used as a production
server exclusively for receiving, sorting, and sending IMO 2.0 dataugrhit held significant

amounts of data, its main challenge was maintaining services without downtime caused by
interruptions in service. It is described in more detail in the Data Collection section of this report.

The Phone

Thesmarphone used in the project was a Motorola DiRakr M (XT907)runningthe Android

version 4.1.2 Operating SystemAll the vehicles in the fleet used the same phddeckup

phones for each of tharojectphones were able to be procured for a very smalluamafter a

year in servicdrom the University of Michiga® s c el | ul ar Vesizenm. Wvectke vendor ,
course of the project, seven phones were replaced primarily due to battery malfunctions,
occasionally in hot weather. No phones were replaced deectassively cold weather, despite

the fact that the winter of 20123014 was colder than most previous Michigan winters.

Each phone had an unlimited data plan and no voice/calling optidmsphone usecn active
Verizon 334G data service to automatitatransfer accumulated DataProbe data to the server at
the University of Michigan

The cost of the data plan for each phone averaged $37 per month, so a 60 vehicle fleet averaged

about $2,220 per month. One option that we were able to employ dwisgrtimer months was

to put the WMT phones on fivacationodo where the pr
keep a phone on the plan instead of the usual $37 per month. This saved $3,840 over the period

of six months that the WMTs were out of service.

Most phones were hardwired to the cigarette lighteessoryusewith a 12V to 5V voltage
regulator that allowed for a key/on, key/off system, thasmyhe were connected to the cigarette
lighter via a2-port 12 volt USB cigarette lighter adapter mamwtiised by Kensington. Most of
the phones had a s i mwhelredhe bafiedyaliacHadgedaditie pantogbshut b | e m
downafter not being used over the weekend or if the driver was on vacation or just not driving
the vehicle very often. The depHone needed to recharggdriving the vehiclébefore the
operating system and timtaProbe prograrould be rdnitiated. Due to a USB power based
automatic activation of DataProltbe program would not initiautomatically after restarting

the phme while drivingand the driver would have toanuallyrestart the program. If the driver
was not paying attention to the phone, it might not start at all during the trip and only startup
during the next trimfterthe phone was recharged.

Thephonewassecurelymounedin the vehicleby either gluing or screwing a compatible car

mount adapter which holds the phone onto the instrument panel or into the headliner near the rear

view mirror (which was necessary for the WMTs because an instrument panelbtomked the

driverdés view of other instruments). Mounting t
necessary in order for the cameras in the phones to take clear and accurate photos of weather and

road conditions. These photos were also setitd weather analysts as another datdality.
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Each phone mount contained a magnet that triggered a signal to the Android operating system to
automatically activate the DataProbe application when the phone was placed in the mount.

The OBD Key

CAN data was collected on all 40 of the light duty vehicles via the Bluetsathled OBD key
located under the steering wheel under the instrument panel, as seen in FitjueeGBD |

scan tool used is a consunbevel Bluetoothenabled device based tive popular ELM327
OBD-interface command set. The scan tool accesses vehicle system information via the 1ISO
15765 high speed CAN bus available on most newer domestic vehicles. Thd &b tools

used, depending on the date of install, are the OBDKegl I BDKey140 models manufactured
by KBM Systems, Ltd. (www.kbmsystems.net). This device is powered directly from a vehicle's
SAE-J1962 OBDII connector during operation and communicatesdltly via Bluetooth to the
DataProbe software running on the Drdrdzr M.

Figure 14 i Bluetooth enabled OBD Key for CAN data

Though generally reliable, the OBD key needed, at times, to be reset by taking it in and out of its
socket under the steering column. The challenge was training the drivers to notice that it was not
working properly and responding accordingly. There wleree ways of noticing if the device

was not working properly: 1) if the blue light on the OBD key didtaot onat all, 2) if the blue

' ight on the OBD key remained on and did not
not s how thevahiLle was im operation.

UMTRI also monitored each of the phones weekly, examining the data received from each phone.
If the phone sent a file to UMTRI that started with only the phone number instead of the Vehicle
Identification Number (VIN), ttg indicated that the vehicle was not collecting or sending CAN

March, 2016 Page28 of 33

f

-~

C



data. This applied only to the light vehicle fleet, since the WMT fleet did not send CAN data. If
a vehicle was designed to send CAN data, and it did not send CAN data over 10 percent of the
time, then UMTRI notified the driver and his/her supervisor that the driver needed to adjust the
OBD key.

The Surface Patrol Sensors

The other hardware included on 10 light duty vehicles and 10 WMTs was the Surface Patrol
sensors that measured humiditymkaent air temperature, and road surface temperature. The
Surface Patrol HD unit is manufacturaad sold by Vaisala Corporatioach Surface Patrol

unit was comprised of one road surface temperature device as seen on a WMT it 5-gmnatén

a variey of areas on the trucks and cars where it was not affected by the heat within the engine
compartment or debris buildup from the road.

Figure 15 i Surface Patrol Road Temperature Sensor on a winter maintenance truck
(WMT)

The final external Surface Patrol sensor, the humidistat shown in Ri§ugathers ambient air
temperature and humidity dat a. Data from the tVv
conditionsthedataT he fspreader 0 i s a lpwhichtakestbeidatx | ed i n r e
collected via the humidistat and the road surface temperature devices and translates it into data

that is readable by the DataProbe application. The Surface Patralsuaityhole, is wired
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